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Sir: 

I, Dr. Yves Gnanou, being duly warned hereby state the following: 

I am an expert in the polymerization arts, having considerable experience in the area. I am 
currently Director of Research-CNRS and Head of the Laboratory of Chemistry and Organic 
Polymers at the University of Bordeaux. I am also currently Adjunct Professor in the Department of 
Chemistry at the University of Florida. My CV is attached. 

I have studied the disclosure of USP 4,423,188 (Witschard), and it is clear that patentees do 
not disclose linear triblock polymers, nor a process for their production, in which polymers a first 
block is incompatible with fluororesin, a second block is incompatible with fluororesin and the first 
block, and a third block is incompatible with fluororesin and the first two blocks. 

In anionic polymerization the synthesis of block copolymers obeys certain rules that are very 

strict: 

1 . Monomers are to be polymerized in a particular order that depends on their position 
in the ladder of electrophilicity; the least electrophilic ones must be polymerized first 
and the rest in the increasing order of their electroaffinity. For example, in the case 
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of poly(styrene-b-butadiene-methyl methacrylate), styrene must be polymerized first, 
then butadiene and finally methyl methacrylate. 



2. Unless closely positioned in the ladder of electroaffinity, monomers cannot undergo a 
real anionic copolymerization like in regular radical copolymerization, but only 
sequential polymerization. For instance, should styrene and methyl methacrylate be 
added at once in a medium containing BuLi(initiator), only the second monomer will 
be polymerized - due to its higher electroaffinity, styrene remaining unconverted. 

In the preparation of a styrene-butadiene block polymer, after the growth of the first 
polystyrene block (S ) by anionic means, butadiene is the second monomer to be 
introduced/polymerized; it has to be absolutely fi-ee of any residues or vinyl pyridine, acrylonitrile, 
alkylesters of acrylic acid, all monomers characterized by a much higher electroaffinity than 
butadiene and thus unable to anionically copolymerize with butadiene. 

Let us take an example with 10"^M of "living" polystyrene carbanionic chains (S ) being 
prepared in a separate vessel to which is added IM of butadiene (Bu) containing 2.10" M of 
impurities in the form of residues of either vinyl pyridine (VP), acrylonitrile (AN), or alkyl 
(meth)acrylate (MMA): 



ks,Bu being very small compared to ks,MMA, S" will exclusively react with MMA and only 
S-MMA' will be eventually formed, Bu being left untouched. On the other hand, S-MMA" once 
formed cannot react with Bu (kMMA,Bu = 0) for the reasons mentioned above. This example shows 
how essential it is to get rid of any polar monomers of higher electroaffinity than Bu at the time of 
adding the latter, hi the patent of Witschard, it is claimed (in col. 8, lines 32 - 44) that "if desired, the 
alkadiene added can contain . . . minor proportions ... of residues of VP, An, MMA" which is totally 
wrong. 



S- + Bu + MMA 
(10-3M) (1M) 2.10-3M 



S-Bu- 



^S.MMA 




S-MMA- 
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Should the concentration of these residues be comparable to that of growing anions [S'], the 
latter will exclusively react with these residues and not with the alkadiene. If the concentration of 
these residues is lower than that of [S"], then an equivalent concentration of copolymer chains will 
not contain any alkadiene. As a result, Witschard does not disclose the preparation of a triblock 
polymer containing MMA. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the appHcation or any patent issuing 
thereon. 



Date Yves Gnanou 
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BEST AVAILABLB COPY 

Living Polymerization Methods 

Owen W, Webster 



Living polymertzadon rechniques can be used to achieve a 
high degree of control over polymer chain architecture. 
Examples of the type of polymers that can be synthesized 
include block copolymers, comb-shaped polymers, multi- 
armed polymers, ladder polymers, and cyclic polymers. 
Tms control of structure, m tuni, results in polymers with 
widely diverse physical properties, even though they arc 
made from readily available low-cost monomers. 



SYNTHETIC POLYMEaS AKE LONOCHAIN MOLECULES POSSESS- 
ing uniform rcpcar imiK (mcrs). The chains arc nor aU the 
same length. These giant molecules are of interest because of 
chcir physical propcrtiei, in contract to Jow molecular weight 
molecules, which are of interest due to cheir chemical properties. 
Possibly the most uscfViI physical property of polymers is their low 
density versus strength, Diamaric uses of this property arc demon* 
scrated by the nonstop circvunnavigation of the world by a "plastic'' 
airplane on one tank of gas and by the constaiccion of an airplane 
light eno^igh to fly more than 110 kin nonstop under human pedal 
power. 

When synthetic polymers were tirst introduced, they were made 
by free radical iniriation of ^nglc vinyl monomers or by chemical 
condensation of small difjnctional molecules. The range of their 
propcracs was understandably meager. Random copolymer^^ next 
entered the picture, greatly expanding the range of usefbj physical 
properties such as toughness, hardness, elasticity, comprt^ssibitity 
and Mrcngth. However, polymer chemists realised diat their mate- 
nals could not compare with the properties^ of natural polymers 
such as^vool, Mlk, corron, rubber, tendons, and spider webbing The 
naciiral polymers are generally rondensacion polymers made by 
addition of monomer units one at a time to the ends of growing 
polymer chams^ Polymerization of all chains stops at identicd 
molecular weights. For some time polymer chemists have realized 
that to approach nature's degree of sophistication, new synthetic 
techniques would be needed. ^ 

Conventional chain-growth polymerizations, for example free 
radical synthesi.,. consi..t of four elementary steps: initiation, prof^ 
aganon, chain transfer, and termination. As early as 1936 Ziecler 
(i) proposed chat anionic polymcrizarion of styrenc and butadiene 

occurred without cham Transfer or termination. During cransfcrless 

Iddll 1? polymerized. When fresh monomer is 

added, polymerization resumes. The name ^^Uving polymerization' 

'^^^ton:VEl^^ Dcvc.opnK:nt, I>u Ton,. P.O. Bo. «0328, 
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was coined for the method by Szwarc (2) because the 
remain active until killed. (The term has nothing to do wiih 
die biological sense.) Before Szwarc's classic work, Flo y 
described the properties associated with living polymc 
ethylene oxide initiated with aikoxidcs. Flory noted diat 
the chain ends grow at the same rate, the molecular 
determined by the amoimt of inidacor used vcrsus 
1)- 

Dcgrce of polymeriz^ation = [mo/iomer]/[initiatt3r; 

Another property of polymers produced by living poly 
IS the very narrow molecular weight distribution (J). Th|c 
pcrsity (O) has a Poisson disnibution, D = = 1 

A?^ is the average molecular weight determined by "light 

is the average molecular weight determined by i 
dp is the degree of polymerization (the number of 
per chain). The values of and can also be detcrmirfcd 
permeation chromatography (GPC). A living polymcrizarjon 
distinguished from free radical polymerization or From a 
tion polymerization by plotting die molecular weight of tht 
versus convcrriion. In a living polymerizarion, the molcculir weight 
15 difcedy proportional to conversion (Fig. I, line A). In a free 
radical or other nonliving polymerization, high molecul ir weight 
polymer is formed in the initial stages (Fig. 1, line B)Jand in a 
condensation polymerization, high molecular weight [ 
formed only as the conversion approaches 100% (Fig. \ 



Some General Features of Living 
Polymerixations 



Living polymcfization techniques give the 
particularly porwettui tools ior ^[ya^rnK^i 



syntheric ch 



of block copolymers by sequential addition of 



tain desigfi! the 



synthesis of functional -ended pohTiiers by selective 



monomers 



livmg end, wlm approoriare rea^ri^r^ Th^ a^hitcc^ural 
aires available starting with these two basic themes arr 
Table 1 along wixh appJicatio'ns for the 'various polym. 
Although living polymerization of only a few monomers 
perfect, a large number of other systems fit theory close 
be useftil for synthesis of die wide variety of different 
structure.': shown in Table 1. In general, the wcU-bchav^d 
systems need only an initiator and monomer, as occurs in ^ 
polymerizadon of styrenc, diencs, and ethylene oxide 
mcreasmg number of monomers, more complex p 
needed to retard chain transfer and termination. These . 
initiators, catalysts, and .sometimes chain-cnd stabilizers, 
atof begins chain growth and in all systems is attached (or 
at lca.<;t) to the nongrowing chain end. The catalyst is nec. 
minauon and pt;opagation but is nor consumed. The chain 



<;haiA ends 
living in 
(J) had 
of 

i incc all of 
weight is 
(Eq. 



(1) 

i^crization 
polydts- 

scattering, 
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by gel 
can be 
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polymer 



p)lyi 



mer is 
line C). 
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for 
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processes 
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F*9' 1. Mptecuiar Kcighit: 
<?onvci^ion curves fof vari- 
ous kinds of polyiTicriia^ 
oon mcdvods: (A) living 
polymcrizaciQn; (B) hcc< 
radical polymcrizarion; 
and (C) <?ondcn»Qon 
polymerimrion, 



Monomer cortverstQn 

biJizer usuaUy decreases chr polymerizadon race. When rhe catalysr » 
a Uvns acid (electron-paif acceptor), the stabiUzcr wiU Ufcely be a 
IxwB ba^e (ctectTDn-pair donor), and vice venia. In all systems the 
■ uiirunoa sirp must be faster than or the same rati as chain 
projagaaon to obtain molecular weight control. If th« initbtion 
°T u".*^ P«'P=>8»"0n rate, the first chair.5 fonT,cd will 
be longer than th. |„t chauis fanned. if«, initiator with a str^c,^ 
similar ro dat of the gtowing chain is chosen, the initiation rate is 
as^ircdof being comparable to the propagation mtc. A n^^ of 
hvmg systems operate better if exccsi mo™,mer is pr^^T A 
pc«.ble «pIam.«on is that the liv„,g end is stabilized by coaiplex 
anon with monomer (4). Large counrerions tend to ^^rc 

cvB, when the .onic center is oiUy indirectly involved 

Aniomc, canonic, covalent, and free radical processes for living 
polymcrr^non are described below along with ^i«Vk n^^^^^ 

mcrs are also described. Although many mechanistic question^- have 

?.vc„. Applicanons that appear to have high po-tial a^c ^^t^d 



■ |#^'e:by addition ofdivinyl benzene to 2 {10). 



Graft pol/mtr (4) 



A cycUc polyme^ (Taible 1. ik.. 9) results when one iro ts a dilute 
solunon of 4 with a coupling agent such as dibromo-p xylene or 
dimediyldichlonafilane (1/). 

Butadiene and boprene also give living polymers on initiation 
IZ^ , u ^^""^'"W" 1,2-polymerization «sul,s unless one uses 
aUyl lldiium mitiatoR in nonpolar solvents. Manufacturr of styrene/ 

f^i no commercial use for Uving polymeria ions. On 

L^ef« ^^'^ -"cit of this ABA block polymer, the h* d styrcne 
™hSl " ^"■"-'i^ks that are the bas s for its 

rubberlifce properties (Fig. 2). 

Acrylatc and merfiacrylacc ester, and amides plus aaylonitiilc 



'^f'^"™"^ fo"™ or polymets jvailabl. by 

mrnzanon rcchniqucs. ' 



tivng poly- 



Potymer 



Application 



— Ori 



HO- 



Anionic Living Polymerizations 

wcUcnc inidarow (£05 2 and ft u ' examples of 

^« (bqs. 2 and 3). Buryl Uchium gives polymer with 



Biock 



ABA Block 

I 1 1 I 1 1 f 

CrsU 



Sodium 
naphihaiertids *- Styrene 



C^Hg— ^polystyrene ~ LI 
Ma* "poiysfyrene-Na' + Naphthalene 



(2) 



(3) 



zi '^«;::Tnds'riei:ro?r^r^ p^^^- 

another monomer Su^s™I m^ -:,^P°'^'=~'^''" "f 5 with 

-^^-^rJ.^-^^.^'-j^tii produces 

Si^Oar star-br^- ^^L'^^I^^Z of Si 
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Dispersing agents 
Synihesis of macfomctnomefs 

Elasiorners synihesffi 
Chain exiension 
Cross-linking ggents 

Drspersing agenis 
Compaiibilizers for poffmer 
blending 

Thermoplastic elastornn 



Elastomers 
Adhgsives 



Elastorr^ers 
Adhesives 



Rrieology control 
Strengthening agents 



High-iernperaiure plastic 
Membranes 
Efaaiomers 



fiheoiogy control 



Sfocompaiible polymery 
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2- Thermoplastic rub- 
^£x: from styrcnc buzi- 
'eiicncs bkJck poiymcr (PS, 
polysrynenc; PBD, fx,ly. 
buTfidicnc}. 




Ph 
I 

R-C — Li 
1 

P^ 



K 

' OR 



(5) 



O 



I t 



rcMiTr J r-i-LLiica up to -zv C In a more surprisine 

to form z cydohcxiinone that eliminate the highlv rc^Z^ u 
tyUnimoQiun. alkoxidcs axr less likeK ^ cSur^ u 
eliminate lithiun, alkoxid«. ^ '^"^^ 

I ^ present, no commcfrial products are bas«l n„ i;. ■ i 

Of ™^ Hc^, „,„^ 

occurs at tl»e ajkyi oxygen bond ^^^'^'^'^ «-'"e d=avage 
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Living anionic polymcriMtion ofhexamethylcycU,,, 
strained nng compound, results on initiation with lithi 
ykilanoaie {17). The mote rcUily available octamethyU 
loxane, an umtrained ring compound, does not Kive livi 
under similar conditions. 



Cationic Living Polymerizations 



lotrisjoicnne, 9, a 
trimcth- 
thyliyclotetrafi- 
\g polymer 



Living cationic polymerization is mor= complex than 
counierparr. Carbcnium ion chain ends generated by irtic 
eJcctron-nch monomers with strong proric acid teadi y 
P-protons to stair new chains (Eq. 6). The result™ 



repr«ent a family of monomers caUed acryUcs. Anionic living 
polymenzation of acrylics presents scvenJ problems. Under ihf 
strongly basic conditions, initiato.3 and ani.L ..rrrir^ 

^aoions Kill living chain endT. li ' 'aU of the cV,«n ends l lS 
polymen^,tion stops. If only part of the chain ends are destroyS' 
Che f»Iymer molec^Jar weight control wai be lost and the moleoT; 
weight dispersity will rise. By working « -70»C or W^nd 
jninatmg with a hindered initiator, for sample, l.l-dLS^c^l 
hchium, one can prepare most of the architecL;i forms i^ TiS 
from methaetylatc. (E,. 5-, ^ ^, Ph,Th nyO 



H* 4. CH,=rCH 



Its anionic 
ifiiuation of 
transfer 
a lower 

X 

■C^fa— CH 



X 

I 

Ht=CM 



Wew chain 



Doa<3 chain 



ZtTsl thcorcucaJ value and marly dtad chair 

In 1984 Miyamoco, Sawamoto, and Higashimara r 
po^ymcr^oon method for vinyl crhcrs that circuinvcited 
pn^blcni (79). The chain end. wcrt stored as a stable covaJchc 
This iodide was accivarcd by Lewis acid {elecrron-pair 
cataly^ to generate srnaJI amounts of active complexcd 
ions. The activated endi' insert monomer xvithour chain i 
rcrmmatjon {Eq. 7). The cx»ct narure of these aaivatcd 



iportcd a 
this 
iodide, 
iccfiptor) 
cirbcnium 
Ci|aasfcr or 
;pecics is 



OR 



OR 

CHj-C-I-f 



Poly(vinyt e\ner)-l 



pri)Ccdv] 



still being debated. Higashimiira^s group has synthesized 
oFmost of the scmcuues listed in Table 1 using the new prdK 

^Zil ftT''^ """^^ breakthrough, Higashin 

^"Pf - They used t^'. K^scs (eleetron-dnnn. r.r.^.^.^^ 
nves. in this method, the carbcnium 



U""- ^ ™thod, the caibeiuum-ion end grouprare 

arc crapped by ethers or esters as onium salts (Eq 8- Et. 
acetyl). TTie esact nature of the end living group species 



mono ncr 



OR 



=/ • EtAICly . HOAc - ElOAc 



Pofy(vinyi eiher)— QMe 



OR 

— I-O-C--CH3 



OR 



(2) MeOH. 



aie 



fiinJier To be effective, several equivalents of Lewis 

ARTlCLEi 889 



(6) 



O 1 



(7) 
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